MRS 0% #2 81-96, 19786 A

= 8
HAICET 5 AR Y 4 v 2 DERE, KT
FATPR O FHRRERICIE S B

oK M, TR M, BT R
R RS EGRIRFIIERT ¥ A v A2

mE®xA E ), RAHR KO OEX
RMRCE RS IE DA

Ecology of Japanese Encephalitis Virus in Japan, Particularly the Results of Surveys in Every
Interepidemic Season from 1964 to 1976.

Kaoru HAYASHI, Kumato MIFUNE, Sachiko MATSUO, Akehisa SHICHIJO, Hiroshi
SUZUKI, Muneteru URA and Yoshihiro MAKINO (Department of Virology, Institute for
Tropical Medicine, Nagasaki University), Yoshito WADA, Tsutomu ODA, Motoyoshi MOGI
and Akio MORI (Department of Medical Zoology, Nagasaki University School of Medicine)

Abstract: The epidemiological and etiologicai evidences of Japanese encephalitis (JE) were
accumulated by many workers. In the epidemic season, we can inform quite clearly the virus
dissemination in nature by the virus isolation from vector mosquitoes of Culex tritaeniorhynchus
and the examination of hemagglutination inhibition (HI) antibody in pig-sera. In contrast, the
overwintering of the virus still remained as a difficult problem in Japan. The ecological inves-
tigations were performed in Nagasaki area from 1964 to 1976, in Amami island from 1973 to
1974, and in Okinawa island from 1972 to 1977. The virus isolation from 80,153 of hibernated
female vector mosquitoes caught in March and April in Nagasaki area from 1965 to 1973 was
unsuccessful. However, JE virus persisting in the female vector mosquitoes caught in February
1973 in Amami island and in February 1976 in Okinawa island was demonstrated and sequential
pig-mosquito infections were observed through the year of 1973 in Amami island and of 1976 in
Okinawa island. However, the persistence of the virus in vector mosquitoes was interrupted in
the following year of 1974 in Amami island and of 1977 in Okinawa island respectively. On the
other hand, there is no up-to-date evidence to demonstrate the overwintering of the virus
persisted in the warm-and cold-blooded animals or other insects. These evidences suggested
that the localized persistence of the virus might be preserved under the suitable conditions and
the virus might be carried again from elsewhere to the survey area when it was interrupted
in a certain year. Recently, we found a noticeable fact that the female mosquitoes of Culex
tritaeniorhynchus were captured by the light traps set up on the ship in the East China Sea in
1973 and 1977. These findings suggest that the population of vector mosquitoes might be
transported with the wind blowing into a part of Japan island from certain areas of South East

Asia including China continent.
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MbEL, ook bR LR, BERELS

WAHL968ELIRIT v A L A BRI L E L e b, K
OYE LA L BB TEREREL V. 19TAELIED
EBREOEAZH->Tw5h. &5 LERLER
HW72F T, EEREELEETHL LIk
Bz ok s TRMDZ L Th5.

(2) FATFARICHIT SRE

1) AARERENSD A AASEE H HifkoB
Hitt Table 1 1/R L7k 5121967424 H)2 59
B ¥ Clodligi Lic 305 PLoEME B o v 1 v
ABNBEITRRI ThH - 72 E-7es s HI Hifk
BeoP Ra i b DL 270 L 6 ILTH - 1=
2N, SRHAE HI Hitkhs &5 o3 BEECien
- Fo. 6470 % 7SR RRG Ti b TR v A
A AREUL LTS, D ERREThH T &
EEZBRIWHTRTH - 7. HI Pk TR
EB0PErR 1 PED L TH - 7.

Table 1. JE virus isolation and HI antibody
detection from the sera of various
snakes

virus HI test aga-
__isolation linst JE virus
Species No. No. ofNo. No. of
of virus | of sera
sera isola- |sera posi-
tested ted Itested tive
Rhabdophis tigrinus *
tigrinus 213 0 186 3(18510,
Elaphe climacophora 28 0 24 0
Elaphe quadrivirgata 49 0 47 2(10,20)
Natrix vibakari 0 4 0
Elaphe conspicillata 0 4 0
Agkistrodon hayls 0 5 1(10)
Total 305 0 270 6

* The figures in parenthesis show each HI
antibody titer expressed by the reciprocal
of serum dilution.

Snakes: Wild snakes were captured in the
suburbs of Nagasaki city during a period from
April 14 to September 28, 1967, corresponding
to the epidemic season.

(Mifune, et al., Tropical Medicine 11(1),
1969X b)

(@ BE2FRTHA=ANLDTA AN,
B, BATYIATA ABECL - THE =Y
BT A = h SR HELRS L2 R LT
LSk, BESA~4BBEary 27 a4 =%
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Table 2. Attempts to isolate JE virus from overwintered Culex tritaeniorhynchus

Year March April May Total Methods and animals used for virus isolation
1965 0 15,547a 533 16,080 SMB, ic, blind passage, twice.
1966 1,432 18,735 14,805 34,972 SMB, ic, blind passage, twice.
10-day-old chickembryo, ammiotic cavity
1967 1,517 12,492 0 14,009 SMB, ic, blind passage, twice.
biting experiment, subcutaneous
inoculation of mosquito suspension
into susceptible pigs.
1968 56 606 186 848 SMB, ic, blind passage, twice.
1969 49 7,559 104 7,712 SMB, ic, 2
1970 0 1,082 143 1,225 SMB, ic, 2
1971 217 2,322 205 2,744 SMB, ic, 7z
1972 22 1,935 0 1,957 SMB, ic, %
1973 0 372 234 606 SMB, ic, 4
Total 3,293 60,650 - 16,210 80,153
a: number of mosquitoes tested
ic: intracranial inoculation

SMB: suckling mouse brain

(Fukumi, et al., Tropical Medicine 17(3), 1975 X b)

MEBUIR A L, 19654E0 H1IT3FERESD £ T
£ E180, 153{E I DT Y A L AN EER AZR T
PE R A N N el
0y 2TEINBD YA AL
BEaxrivsayve ) RP=Er 0=
v £ Y 50fEMED & 7 A4 A A4 EER O HI Hifko
HEA AT EETh - 7. (S, 1967)
©  ERMEHII oML
1,043{ED 2 H 27 H 4 = MR A
TR IR S8, 1002 LB4E3 B Tl
KRt BN BE 3 F15H C°A®E
L, A oRREE 1 Ak © b R LR E Ly
ANA MFE % Bl & Ex L
(Mifune, 1965).
II. EEXRBICHITBAE
) EHPENIrECEMR RS A —Ko w1 12

&S
19734 1iz 2 B S H~21 H I8 ARCE®H L
Fa HETHA = 1,083 k8 7 — i 4 #E
DYANARSHEL, FAFCEEREZBCT2Y
AT HA = A b0 YA A AGHEROKOERRY:
ZIEB L (Fig. 2). UL, 1974 iz 7H
L s o TR TR R OK DO BTREG 2 75
fo. T EITBMe BT ABRESECI > TY
A N AFAAE, BETEN, —F, Fhaihied
BT ENDBZ EHRELTWS (Fig. 3).
® F=hbovA A
19734%, R/AMOILE CHE L~ 2 = K»
BRCHE L\ e &£ = /7 140 BE b v 1
A HERRARICHS, KB Uish -7 (Hayashi et
al. 1975).
0y T OERIRGR
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(Hayashi, et al., Tropical Medicine 17 (3),1975% »)
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Table 3. Detection of 2ME sensitive antibody and virus isolation from pig-sera
by month in the main island of Okinawa from 1969 to 1972
Year 1969 1970 % 1971 1972
| 2 g oa T 23
s3 s S78 °F w° Stz vy wo SfE T ss flF
Month nE e P g2 L2 e gM2 g Lo 2%z % 2 522
o 9 Q.= -HQE o9 V.5 -~D.E 03 Q-5 "‘Q.E a9 Q-5 '—<n.E
Ml L2 n £ £o.5 7] o] L5 w e L0 ®»
Es EZ B5Eg Eg EZ BEg Eg EL 2Eg| Eg Ef EEv
58 38 F8E 23 2g HEE 2g 2§ FE£5 &g 89 FES
January 117 2(S) 0 120 0 0 90 0 0 86 5(S) o0
February 105 1(S) 0 120 0 0 120 I(N) 0 9 0 0
March 103 1(N) 0 145 0 0 150 0 0 150 1(N) 0
April 117 Egg KND| 120 0 0 120 0 0 118 1(N) 0
May 97 gg% 2(8)| 119 2(8) 0 119 3(S) 5%% 146 2N) 0
(N) PN) SN (N)  (N)
June 124 24(M) 1(S)| 149 17,59 8pgy 150 28(M) 32! 103 1(S) 0
(s) (S) (S)i
14CN) ' 106NY (N
July n.d. 60 0 0 60 14¢gy 0 g 86 1005y  2(s3
‘ -(N) M
August 7 60 0 0 30 1(S) 1(S) 150 D(S) (S)
September | # 59 0 0 30 1(S) 1(N) 119 ggg gg%
196N) -, (N)
October 2 59 0 0 30 1(S) o 90 (s) (S)
November s 30 0 0 29 0 0 57 0
December 7 | 60 0 0 30 0 0 59 0
Total 663 45 4 1101 19 8 958 49 39 | 1,254 100 15
Remarks : (N)----- North area (M) Middle area (8)-- South area

(Ura, Tropical Medicine 18 (4), 1976 X »)
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Table 4. Detection of 2ME sensitive antibody and virus isolation from pig-sera
by month in the main island of Okinawa from 1973 to 1976
Year 1973 1974 1975 1976
m 0 m 7] 43} ] m w
dg Sg& Zg 8ge Jg §gs Z¢ §gs
53 w% S%E w3 w9 3P wy w8 H3E 4p o8 E83
Month 52 L2 3¥al .w g W2 .3 ¢ owg °& o 3.%2
22 % 28g dg g5 —Rgl ge ¢z ~AE 88 & —AgZ
a 22 . 8 2 as 4 o Ls ., o< a2
E5 52 289 Er EZ 55w Eg E2 8By Eg EE ZEv
£4 &8 sEg| 28 23 $x5E§ 29 2g FE§ 28 23 EEg
January 116 3(S) o 90 0 0 9 0 0 0 0 0
February 90 3(S) o 120 0 0 120 0 0 0 0 2(N)
March 90 o0 0 90 0 0 120 0 0 0 0 1]
April 90 0 0 120 0 0 115 0 0 30 0 2(N)
May 9 1(N) 0 150 5(N) I1(N)| 155 0 269 [N TR SIS
(N) ( v
(N) (ND (N) (N) -
June 149 7%1\3/[3 °(M) 120 10(1\’[) 4(N) 120 S(M) 3(ND 90 10(1\4) 3(N)
. (N N (N)
July 120 1688 aom) 120 1568) ecs)l 120 M) 4N e0 sN)  aaw
(s) (s) (s)
(s) (s)
A 120 126N) 4N (N) (N)
August 20 12(8) 4(5) 120 20(3) 1(S) 150 IG(S) 3(S) 0 0 0
September 119 5(M) 2(N) 90 3(S) o 120 4(5) 0 30 1M 22
(s) s
October 120 1(N) 0 120 2683 0 150 1) 1] 60 38R o
November | 90 0 0 9% 0 0 9% 1N) 0 30 10
December 60 0 0 60 0 0 60 0 0 n.d. n.d. n.d.
Total 1,254 42 12 1,290 45 9 1,410 40 12 390 24 21
Remarks : See Table 3.
(Ura, Tropical Medicine 18(4), 19761 b)
Table 5. Difference in JE virus dissemination in the field between
Okinawa island and Nagasaki area from 1969 to 1976
Okinawa island Nagasaki area*
Year Virus isolation Period Virus isolation Period
(days) (days)
1969 Apr. 16 — n.d. — Jul. 9 — Aug. 28 51
1970 Jun. 2 —~ Qct. 17 138 Jul. 15 — Aug. 31 48
1971 May 11 — Sept. 28 141 Jul. 12 — Aug. 24 14
1972 Jul. 11 — Oct. 25/26 108 Aug. 16 — Sept. 9 23
1973 Jun. 6/7 — Sept. 19 107 Jul. 9 - Aug. 13 36
1974 May 13/14 — Aug. 10 90 Jul. 29 — Aug. 13 15
1975 May 12/13 — Aug. 20 100 Jul. 141 — Aug. 25 43
1976 Feb. 13/15 — Sept. 17 217 Jul. 21 — Aug. 9 20

Remarks : The data in the column of Nagasaki area (*) was kindly presented by the Institute
for the Environmental Pollution and Pubilc Health of Nagasaki Prefecture.

(Ura, Tropical Medicine 18(4), 1976 b)
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Fig. 5. Virus concentration in infected mosquitoes reared in various condition of biotron.

Remarks : The eggs of C. tritaeniorhyncus mosquitoes were hatched and
emerged in the biotron under the artificial weather conditions of August
(symbols @ andA), September (symbols ll and ) and October (symbols A
and []). (Shichijo, et al., Tropical Medicine 14 (4), 19721 b)

(2) REMBRITHETS
Mifune (1965) 1XSEBRY 2 H & 7TH 1 =
FITBE L, 71 AR OB Eko i
CEoTh, REWKIRIET S E&FRITE L
Z LR b ke
B) BEAHF ST HATZHhSDOTALZHEE
19654F 5 19734F % T, R b J7 © 8% Iy
80, 153M@ KA HH L, 71 VAL MR RL IR
P72 & b BRcak .
(4) BEAPOEBLERE
FLTE—E, IRVBZ T, aHETHA =

7 DAL L O ERER FEI T A LB A LR
72 Bib, BLYAAANLEATEEL TS & T
37 biE, CRINIEE4 &R Lcd o,
BAEEEOFI G Eh O alrhudia b .
25 LBl »C, Oda et al. (1978) Df#
Moz sShie. B, BADOBLEETIL,
Table 6 WRT L5, Bl —-TETS
T, OUXL I & EEIIA RS Lo B R T, 2 hubix
BECREETHA T Ecics. B2 —
SR LI EEIR U s o 7oFiRE, SEEEARph
SEEAER LT, ZhbRBEORRE THA
T5. £330 70— FRRiNET, FRETHL

Table 6.  Structure of overwintering population of C. ¢ritaeniorhynchus
Group ‘ VjExperience in autumn Parity (as examined in early spring)
1 with blood—feedin; and oviposition parous
) with blood—-feeding but without oviposition nulliparous o
(gonotophic dissociation)
3 without blood-feeding nulliparous

(Oda et al. unpublished)
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Table 7. Seasonal changes in the rate of gonotrophic dissociation in the fed
females of Culex tritaeniorhynchus summorosus which were caught at
cowsheds and pigsties and thereafter kept under outdoor conditions

Month of Days from No No. with No. showing % of
collection collection to . 0. - Wi gonotrophic gonotrophic
dissection dissected mature eggs dissociation dissociation
Mar, 27 7 7 7 0 0.0
Apr. 12 7 49 48 1 2.0
May 25 7 17 17 0 0.0
Jun, 8 7 30 29 1 3.3
Jul. 10, 17 7 46 43 3 6.5
Aug. 2, 26 7 74 69 5 6.8
Sep. 7-Oct. 5* 3—-10 31 22 9 29.0
Sep. 10-26 7 72 69 3 4.2
Oct. 8, 18 10 4 3 1 25.0
(Oda and Wada, Tropical Medicine 15(4), 19731 »)
THLDTHS. T IR B2 A B v A v A S h

oA A DRI T OBEIIIKO R M OFEER D
HHMERR, AL, F1ROE2DO 7V —FDE
FicEle R+ licic .

F T CORBIT OISR L TR S . T
NTRIMIEERE L, TR B EBALMET
BB LT, %% A oMy AN, TofRY
Table 7w L7.

COERNLRND L DI, FFEAETES R
wReReEmL s, LihL, ZoEEN el
k5D EERNT, Wada et al. (1975) 23" L
TWwb k5, EFediw (Fig. 6). Lk
T, BB CREAETES A R T EEGE
BEHThiEELbRA.

W BRI U e RO REPER & SR~ okl
F% Table 81wk L7z, 3 A TAIKU 4 A R
R S Rsh o e,

DEDZ EbEIROE2D 7V — 7 1CET
BT EARIED T <, BLBEARLLE 3
DI —7, REMAFREELE» DBRIhTVS
EELZLRSG. fEo TRE”F T, v1 AR
aH 2T HA = RN TRELT SR, &
DTEV E b B 2B\, Lo R
LEEE OV, MED CRER) 12X - THh
HEIhHTETHS.

() B4 ILAD reservior D38

El 5 ClaL AN TO 7 1 L 2 DRAEIL

BHERTH B, FRLhiahbbT, HBER-

5.
7 A A AL reservoir S EF L TW5 LE

Table 8. Parous rate of C. tritaeniorhynchus

No. No. Percentage
examined parous  parous

March, late 12 0 0
April, early 61 0 0
middle 1342 16 1.2

late 262 45 17.2

May early 27 18 66.7
middle 7 3 42.9

late 158 35 22.2

(Wada, et al., Tropical Medicine 17(3),
19753 b))

Collection record of mosquitoes
on the East China Sea

Table 9.

1 (2
6 ()
4 (9)7

Anopheles sinensis
Culex tritaeniorhynchus

Culex pipiens fatigans 19 (&)

Remarks : Mosquitoes were collected by mosquito—
net set up on the upper deck of the
ship sailing on the sea between
Kagoshima port and Nase in Amami
island on July 24/25,1973.
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Fig. 7. The course of voyage in the East China Sea from June 24 to July 4, 1976.

Table 10. Collection record of transoceanic insects
Date Leafhoppers Dragonflies Moths Ichneumon fl
(1976) PP & y
June 24 14
25 69
26 375 6 6 1
27 3
458 6 9 1
Total —
474

Note : The voyage was made from June 24 to July 3, 1976.
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Fig. 8. The course of voyage in the East China Sea from June 16 to July 2, 1977.
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Table 11. Collection record of transoceanic insects

Date ‘ I;eaf—

Butter-  Dragon- :
1977) ‘ hoppers Bugs Moths flies flies Flies Others
June 20/21 95 1
23/24 475 12 3 6 Ichneumon fly 1, Wood-borer 1
25 848 106 14 5 16 8 Ichneumon fly 1
28 228 11 1 2 Wood-borer 1
29 21 1 2 3
30 88 1 1 Praying-mantis 1, Grasshopper 1
July 1 392 5 8 2 Gnat 1, Ichneumon fly 1, May-
| fly 1, Culex tritaeniorhynchus
J mosquito 1
2147 137 28 5 16 22 | 10
Total
2617

Note : The voyage was made from June 14 to July 2, 1977.
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